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ABSTRACT
We study the transient (i.e. emerging or disappearing) C iv broad absorption line
(BAL) components in 50 radio detected QSOs using multi-epoch spectra available
in Sloan Digital Sky Survey DR10. We report the detection of 6 BALQSOs having
at least one distinct transient C iv absorption component. Based on the structure
function analysis of optical light curves, we suggest that the transient absorption is
unlikely to be triggered by continuum variations. Transient absorption components
usually have low C iv equivalent widths (<8 A˚), high ejection velocities (> 10000
kms−1) and typically occur over rest-frame timescales > 800 days. The detection rate
of transient C iv absorption seen in our sample is higher than that reported in the
literature. Using a control sample of QSOs, we show that this difference is most likely
due to the longer monitoring time-scale of sources in our sample while the effect of
small number statistics cannot be ignored. Thus, in order to establish the role played
by radio jets in driving the BAL outflows, we need a larger sample of radio detected
BALs monitored over more than 3 years in the QSO’s rest frame. We also find that the
transient phenomenon in radio detected and radio quiet BALs does not depend on any
of the QSO properties i.e. the Eddington ratio, black hole mass, bolometric luminosity
and optical-to-IR colours. All this suggests that transient BAL phenomenon is simply
the extreme case of BAL variability.
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1 INTRODUCTION
Outflows in QSOs are detected as blue-shifted broad absorp-
tion line (BAL) troughs (see Weymann et al. 1991) in the
optical spectrum of 20-40% of QSOs. This observed BAL
incidence is interpreted as the covering factor of the BAL
outflow in the orientation based models and as the dura-
tion of BAL phase in a QSO’s life in the evolutionary mod-
els. Photoionization models with additional constraints on
electron density allow one to determine the location of the
outflow and estimate the mass outflow rate. The models sug-
gest that the outflows carry sufficient kinetic luminosity to
provide the necessary Active Galactic Nuclei (AGN) feed-
back often invoked in theoretical and numerical simulations
to explain the observed properties of galaxies (Moe et al.
2009; Dunn et al. 2010; Bautista et al. 2010; Borguet et al.
2013). Thus, understanding the origin and physical condi-
tions in BAL outflows is not only important for understand-
ing physics of AGNs but also for understanding feedback
⋆ E-mail:vivekm@astro.utah.edu
associated with the galaxy evolution (Germain et al. 2009;
Hopkins et al. 2009).
Radio jets and lobes are manifestations of large scale
outflows of relativistic plasma from central regions of the
QSOs. It is well established that by studying radio emission
at different frequencies and angular scales one can statisti-
cally constrain the orientation and the age of radio sources.
Therefore, radio observations of a sample of BALQSOs can
in principle be used to distinguish between the evolution and
orientation based models of BALs. Until recently such stud-
ies were practically impossible as the number of known radio
loud BALQSOs was very small. But the situation has dra-
matically changed with the availability of huge spectroscopic
samples of QSOs from Sloan Digital Sky Survey (SDSS). For
example, by stacking radio images of BALQSOs from SDSS
DR3, White et al. (2007) have shown that the BALQSOs
have consistently higher radio flux densities than the non-
BALQSOs. This may suggest that BALs are observed closer
to the jet axis and is at odds with conventional orientation
based models that require viewing angles closer to edge-
on for BALQSOs. Studies involving radio spectral indices of
BALQSOs have also been used to investigate the orientation
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of BALQSOs. These studies revealed that BALs occur both
in equatorial and polar configurations i.e. there is no pre-
ferred orientation (Jiang & Wang 2003; Gregg et al. 2006;
Ghosh & Punsly 2007).
Further radio observations of BALQSOs suggested
that these sources are similar to compact steep spec-
trum sources (CSS; sizes<15 kpc) that are considered to
be the young radio sources (Montenegro-Montes et al. 2009;
DiPompeo et al. 2012). But it is now known that in VLBI
(Very Large Baseline Interferometry) i.e. milliarcsec (mas)
scale resolution imaging studies, the radio emission associ-
ated with BALQSOs is not necessarily unresolved or com-
pact (Jiang & Wang 2003; Kunert-Bajraszewska & Marecki
2007; Liu et al. 2008; Montenegro-Montes et al. 2009;
Gawronski & Kunert-Bajraszewska 2011; Bruni et al. 2012,
2013; Kunert-Bajraszewska et al. 2015). Thus, all these
studies at radio wavelengths based on image stacking, spec-
tral indices and VLBI imaging techniques suggest the pres-
ence of BAL outflows at various orientations and in various
phases of the QSO evolution.
There have also been studies of variability of BALs
in radio loud QSOs to understand the origin of outflows.
Welling et al. (2014) investigated the C iv BAL variabil-
ity using a sample of 46 radio loud QSOs and reported no
correlations between BAL variability and radio properties.
However, they noted that the amplitude of BAL variability
is typically lower for radio loud sample compared to a radio
quiet sample. Also, they found that there is a mild tendency
for the lobe-dominated QSOs to show greater fractional BAL
variability. These results suggest a relationship between the
presence of radio jet and the BAL variability. In this con-
text, it is interesting to ask how prevalent is the jet-cloud
interaction in BALQSOs and if it also plays a major role in
driving the observed absorption line variability.
The extreme cases of absorption line variability are
the ones where the flow emerges afresh or shows strong
dynamical evolution (i.e. variation in the absorption pro-
file and signatures of acceleration). Probing these emerg-
ing/disappearing BAL components (denoted as “transient
BAL components” from now on for convenience) can shed
more light on to the hitherto unknown QSO outflow driving
mechanisms. Vivek et al. (2012a) reported the first emerging
Mg ii BAL in SDSS J1333+0012 and Vivek et al. (2012b)
reported the disappearance of a fine structure line BAL in
SDSS J2215-0045. Filiz Ak et al. (2012) searched the SDSS-
III catalog for such sources and reported 21 cases of C iv
BAL trough disappearance in 19 sources. These together
with previous reports on C iv BAL transients (Ma 2002;
Hamann et al. 2008; Leighly et al. 2009; Krongold et al.
2010; Rodr´ıguez Hidalgo et al. 2011) attribute them to a
multiple streaming wind moving across the line of sight
(Proga et al. 2012). However, most of the reported QSOs
showing transient BAL absorption in the past happen to be
radio quiet. This may be because past studies most often
focused on radio quiet quasars for variability studies.
The objective of the present study is to understand the
role played by radio jets in driving BAL outflows using a
sample of radio detected BALQSOs suitable for identifying
transient BAL absorption component. The sample is based
on optical spectroscopic data available from the SDSS and
1.4GHz flux densities available from the Faint Images of
the Radio Sky at Twenty-cm (FIRST) survey. The FIRST
radio survey provides a map of the sky at 1.4GHz with a
beam size of 5.4” and an rms sensitivity ∼ 0.15 mJy per
beam. This manuscript is arranged as following. Section 2
describes the radio detected BALQSO sample used in this
study. Section 3 describes the measurements of optical and
radio properties of the sources and C iv broad absorption
lines and Section 4 describes the analysis of the variability of
BALs. Section 5 presents the statistical study of BALQSOs
in our sample. Discussion and summary are given in Section
6. In this work, we assume a cosmology with H0 = 70 km
s−1 Mpc−1, ΩM = 0.3 and ΩΛ = 0.7.
2 RADIO DETECTED SAMPLE OF BALQSOS
In this study, we have used spectra of BALQSOs from the
SDSS Data Release-10 (DR10; Paˆris et al. 2014). In addi-
tion to the previous data releases, SDSS DR10 consists of
data from the recently concluded Baryon Oscillation Spec-
troscopic Survey (BOSS; Dawson et al. 2013). BOSS used
the upgraded spectrographs with larger number of fibers per
plate for obtaining the spectra. The fibers used for BOSS
have better throughput and the spectra have wider wave-
length coverage (i.e 3600-10,400 A˚) as compared to those in
SDSS I/II (i.e 3800-9200 A˚).
Our initial sample consists of all the BALQSO’s in the
SDSS DR10 that were observed with the ancillary target bit
name “VARBAL” describing photometrically-selected can-
didate BALQSOs. This sample of optically bright sources,
with i-psf magnitude less than 19.28 mag, containing at least
one moderately strong absorption in their BAL troughs,
were primarily targeted to investigate BAL variability on
multi-year timescales (Dawson et al. 2013). We retrieved
684 BALQSOs which have multiple epoch observations in
SDSS DR10. Among these, 63 sources are radio detected as
per the FIRST survey catalog with a typical detection limit
of 1 mJy. From these 63, we discarded six sources1 where the
BAL presence is found to be ambiguous based on our man-
ual check. Seven low-z QSOs2 contain only Mg ii BALs and
we do not include them in the final sample. Our final sam-
ple consists of 50 FIRST radio detected BALQSO sources
containing C iv BAL profiles with repeat observations in
the SDSS. Table 1 lists the sources in our sample with their
name, Right Ascension, Declination, emission redshift, flux
density at 1.4 GHz from FIRST survey, corresponding ra-
dio luminosity, numbers of multi-epoch spectra available in
SDSS, number of C iv absorption components contributing
to the BAL absorption trough (see the next section for our
definition of C iv components) and an ‘ID’ characterising
variability in C iv BALs. Some useful notes are also pro-
vided in the last column of the table for individual sources.
We also obtained the continuum light curve mea-
surements from the Catalina Real-Time Transient Survey
(CRTS; Drake et al. 2009) for 48 sources in our final sam-
ple of 50 sources. CRTS operates with an unfiltered set up
and the resulting magnitudes are converted to V magni-
tudes using the transformation equation, V = Vins + a(V)
1 J0040+0059, J0733+4625, J1349+3823, J1357+0055, J1509-
0133, J1626+3752
2 J0944+0625, J1149+3933, J1259+1213, J1324+0320, J1400-
0129, J1523+3914, J1618+4113
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Figure 1. An example demonstrating how individual C iv com-
ponents are automatically identified in our analysis. The above
plot is for the source SDSS J0046+0104. Our automatic procedure
first involves identifying the absorption edges where the normal-
ized flux falls below 0.9 for 5 consecutive pixels. We further divide
the identified components in to sub-components if the normalized
flux rises above 0.7 continuously for 5 pixels. The velocity scale
shown in the top (x-axis) is defined with respect to the C iv emis-
sion redshift, zem = 2.1551. Red dashed vertical lines mark the
absorption edges of the components identified.
+ b(V)*(B - V), where Vins is the observed open magnitude,
and a(V) and b(V) are the zero-point and the slope, respec-
tively. The zero-point and slope are obtained from three or
more comparison stars in the same field with the zero-point
being of the order of 0.08 mag. The CRTS provides four such
observations taken 10 min apart on a given night. Since we
are mainly interested in the long-term variability, we have
averaged these four points (or less if the measurement in
one or more cases when the image of our object of interest
is affected by some observational artifacts) to get the light
curves.
3 OPTICAL CONTINUUM AND
ABSORPTION LINE PROPERTIES
For all the sources in our sample, the optical properties
based on absorption lines were measured from the SDSS
spectra and the continuum variability properties were mea-
sured from the CRTS light curves.
We fitted all the spectra with a continuum approxi-
mated by a second order polynomial for absorption/emission
free regions and Gaussians for emission lines. As we are in-
terested mainly in studying the C iv BALs, we fitted the
continuum only over a small rest wavelength range (1300
<λrest(A˚) < 1700) relevant for the C iv and Si iv broad
absorption lines. The fitting procedure involves masking the
wavelength range of absorption and bad pixels, and fitting
the flux in the remaining wavelength ranges with a second
order polynomial and Gaussian emission lines. We used the
resulting continuum to normalize the corresponding spec-
trum.
We then measured the C iv absorption line equivalent
widths from the normalized spectra. This involves identify-
ing the absorption edges and individual components. First,
we visually inspected all the spectra to identify BALQSOs
with at least one transient component. When a transient
BAL component is noticed, we chose spectrum having the
maximum absorption strength to identify the component
structure. In the remaining cases, we have used the spec-
trum with the best signal to noise for this purpose. For all
the spectra, wavelengths were converted to relative veloc-
ities with respect to the C iv emission redshift. Absorp-
tion edges were identified as velocities where the normal-
ized flux falls below 0.9 continuously for 5 pixels. After this
first pass, the identified components are again divided into
further components if the flux rises above 0.7 continuously
for 5 pixels. In this case, the mean velocity of the pixels
with normalized flux values above 0.7 is taken as the ab-
sorption edge. After identifying different components and
their velocity edges, we measure the equivalent widths for
each components. Fig. 1 demonstrates this procedure for the
source SDSS J0046+0104. The first pass identifies only two
components and the second pass further divides the second
component into two. Apart from the equivalent widths, we
also measure the mean depth of the BAL components to
characterise the strength of the absorption. Mean depth is
measured by averaging the normalized flux of three pixels
around the optical depth weighted velocity centroid.
We also constructed a control sample of radio quiet
BALQSOs from the SDSS DR10 catalogue to quantify the
role played by the radio jets in driving the transient BAL
components in radio detected BALQSOs. For each of the six
quasars exhibiting transient BAL components in our sam-
ple (see next Section), we obtained 10 radio quiet BALQSOs
matching closely in the absolute i-band magnitude and red-
shift.
4 VARIABILITY OF BALS: ANALYSIS AND
RESULTS 3
We visually checked all the available spectra of individual
sources for C iv absorption line variations by overplotting
different epoch spectra. Optical depth variability in C iv
BALs are detected in several sources in our sample without
showing large variations in the velocity profile. However, in
six sources, we see dramatic variations in the BAL profiles.
In the latter epochs of these sources, either a new velocity
component has emerged afresh or an already existing com-
ponent has completely disappeared.
Fig. 2 shows the normalized spectra of these six sources
showing C iv BAL transient components. Red dashed spec-
tra correspond to later epoch measurements. Horizontal blue
dashed line corresponds to the unabsorbed normalized con-
tinuum. Black horizontal lines mark the absorption edges
for different components used for our equivalent width mea-
surements. Relative ejection velocity of a component is the
maximum velocity of a component measured with respect
to the redshift of the C iv emission line. Redshift, epoch of
observations and the peak radio flux density at 1.4 GHz for
each source are also presented in each panel.
3 In this work, we also refer to the BAL QSOs showing transient
C iv components as transient BALs.
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Table 1. Details of radio detected BALQSOs with multiple epoch spectroscopic observations in SDSS.
No. Name RA Dec zem FFIRSTint log(Lradio) No. of No. of Comments
a
(h:m:s) (deg:m:s) (mJy) (ergs s−1Hz−1) Epochs Components
1 SDSS J0014−0107 00:14:38.28 -01:07:50.19 1.8179 1.4 32.51 3 2 NV
2 SDSS J0041+0017 00:41:18.60 00:17:42.49 1.7667 0.9 32.28 5 1 V, red
3 SDSS J0046+0104 00:46:13.53 01:04:25.71 2.1551 3.0 33.02 5 3 V, Disappearance
4 SDSS J0053−0003 00:53:55.15 -00:03:09.35 1.7033 0.8 32.19 3 4 V, Odv
5 SDSS J0148−0051 01:48:12.81 -00:51:08.78 1.8189 3.2 32.86 2 4 V, blue
6 SDSS J0200−0845 02:00:22.00 -08:45:12.09 1.9423 7.8 33.32 2 3 NV
7 SDSS J0242+0104 02:42:24.02 01:04:52.57 2.4415 2.6 33.09 5 1 NV
8 SDSS J0743+3109 07:43:34.55 31:09:06.11 1.8983 1.7 32.64 2 3 V, Odv
9 SDSS J0803+5003 08:03:51.59 50:03:17.64 2.9472 13.4 33.99 4 3 NV
10 SDSS J0811+5007 08:11:02.88 50:07:24.60 1.8394 23.0 33.73 5 1 V, Disappearance
11 SDSS J0828+4452 08:28:04.55 44:52:56.99 2.9041 2.4 33.23 2 1 NV
12 SDSS J0835+4352 08:35:25.92 43:52:11.28 1.8218 1.7 32.59 2 1 V, blue
13 SDSS J0855+0809 08:55:28.08 08:09:36.10 1.7696 8.4 33.25 2 1 NV
14 SDSS J0929+3757 09:29:13.91 37:57:42.83 1.9021 43.1 34.04 2 1 NV
15 SDSS J0945+5055 09:45:13.91 50:55:21.71 2.1331 2.0 32.83 2 1 NV
16 SDSS J0956+4513 09:56:57.12 45:13:10.20 2.4091 1.7 32.89 2 2 NV
17 SDSS J0959+6333 09:59:30.00 63:33:59.76 1.8478 14.9 33.55 3 2 V, Disappearance
18 SDSS J1024+0940 10:24:27.35 09:40:29.81 1.8387 1.5 32.55 3 1 NV
19 SDSS J1044+1040 10:44:52.32 10:40:05.87 1.8823 16.4 33.61 2 6 V, Appearance,Odv
20 SDSS J1044+3656 10:44:59.52 36:56:05.27 2.8667 14.6 34.01 2 5 NV
21 SDSS J1105+1115 11:05:05.03 11:15:41.04 2.4531 2.1 32.99 2 2 NV
22 SDSS J1105+1512 11:05:31.43 15:12:15.84 2.0664 12.1 33.58 2 3 V, Appearance
23 SDSS J1113+0914 11:13:16.31 09:14:39.01 1.6738 1.2 32.35 2 4 NV
24 SDSS J1138+3704 11:38:03.12 37:04:03.00 1.8267 6.5 33.18 2 1 NV
25 SDSS J1149+3329 11:49:55.67 33:29:07.80 1.9124 1.7 32.64 2 1 NV
26 SDSS J1200+3508 12:00:51.59 35:08:31.56 1.6677 2.0 32.57 2 3 NV
27 SDSS J1217+3257 12:17:50.15 32:57:11.52 2.0420 1.4 32.63 2 1 NV
28 SDSS J1224+1010 12:24:10.56 10:10:31.07 1.9115 1.1 32.45 2 1 NV
29 SDSS J1303+0020 13:03:48.95 00:20:10.55 3.6487 1.1 33.13 2 3 NV
30 SDSS J1304+4210 13:04:25.44 42:10:09.83 1.8884 1.5 32.58 2 2 NV
31 SDSS J1318+1238 13:18:23.75 12:38:12.47 2.6304 2.2 33.09 2 1 NV, No CRTS
32 SDSS J1323−0038 13:23:4.559 -00:38:56.53 1.8260 8.9 33.31 4 3 NV
33 SDSS J1324+0133 13:24:07.92 01:33:13.21 2.5036 6.1 33.48 2 1 V, blue
34 SDSS J1331+0045 13:31:50.40 00:45:18.80 1.8953 2.9 32.87 2 1 NV
35 SDSS J1334−0123 13:34:28.08 -01:23:49.05 1.7941 3.6 32.90 2 1 NV
36 SDSS J1340+1232 13:40:14.87 12:32:18.23 1.9553 1.8 32.69 2 1 V, Odv
37 SDSS J1444+0033 14:44:34.80 00:33:05.35 2.0361 12.7 33.58 2 2 V, Odv
38 SDSS J1450+1233 14:50:55.92 12:33:31.31 2.7399 1.2 32.87 2 1 NV
39 SDSS J1503+4401 15:03:32.87 44:01:20.63 2.0435 10.0 33.48 3 2 NV, No CRTS
40 SDSS J1530+4409 15:30:49.68 44:09:56.87 1.7721 8.4 33.26 3 2 V, blue
41 SDSS J1532+4220 15:32:57.60 42:20:47.04 1.9595 1.1 32.48 2 2 NV
42 SDSS J1553+3245 15:53:55.44 32:45:13.32 2.0544 1.6 32.69 3 3 V
43 SDSS J1601+2947 16:01:38.40 29:47:34.44 1.9677 1.1 32.48 2 2 NV
44 SDSS J1603+3002 16:03:54.23 30:02:08.51 2.8321 53.7 34.56 2 1 NV
45 SDSS J1618+3301 16:18:12.96 33:01:55.91 2.0031 5.3 33.19 2 1 NV
46 SDSS J1621+3555 16:21:43.68 35:55:33.96 2.0646 1.2 32.57 2 3 NV
47 SDSS J1632+2201 16:32:39.36 22:01:41.87 1.9537 1.2 32.52 3 3 NV
48 SDSS J1641+3058 16:41:52.32 30:58:51.60 2.7687 2.1 33.13 2 3 NV
49 SDSS J1655+3945 16:55:43.19 39:45:19.80 1.7530 10.1 33.32 2 2 V, Disappearance
50 SDSS J2353−0050 23:53:13.68 -00:50:23.21 1.9588 1.2 32.52 2 1 NV
a V - variable BAL; NV - Non-variable BAL; red- red part of BAL varying; blue - blue part of BAL varying; Odv - variation in optical
depth; Appearance - New BAL component appeared; Disappearance - BAL component disappeared.
SDSS J0046+0104, SDSS J0811+5007, SDSS
J0959+6333 and SDSS J1655+3945 have atleast one
C iv BAL component which disappeared in the later SDSS
epoch and in SDSS J1044+1040 and SDSS J1105+1512 a
new component is observed to have emerged in the later
SDSS epoch. Filiz Ak et al. (2012) has already identified
the BAL disappearance in SDSS J0811+5007. Interestingly,
5 out these six transient BAL sources have peak radio flux
density at 1.4 GHz greater than 10 mJy. In the following
section, we perform different statistical tests to understand
the influence of the radio emitting plasma on the C iv
outflows.
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Figure 2. Normalized spectra of six sources showing transient C iv BALs. The spectra shown with dotted red line corresponds to later
epoch measurements. The horizontal lines mark the velocity ranges for different components, identified by the method described in Fig 1,
that are used for measuring the equivalent widths. Relative velocity is measured with respect to the centroid of the C iv emission line.
Emission redshift, epoch of observations and the 1.4 GHz radio flux density from FIRST for each source are also provided.
5 STATISTICAL ANALYSIS
In this section, we investigate the correlations between the
BAL variability and other properties of the sample. We use
the absolute fractional variation in the C iv equivalent width
of individual components to quantitatively characterise the
BAL variability. Absolute fractional variation in the equiv-
alent width is defined by |∆W |/ < W > where ∆W and
< W > are the equivalent width differences and average
equivalent width between two epochs respectively. This ap-
proach is particularly useful in studying the transient BAL
cases where |∆W |/ < W > close to 2 corresponds to a com-
pletely emerged or disappeared BAL component.
However for practical purpose, we define a BAL com-
ponent to be a transient if the absolute fractional variation
in the C iv equivalent width is greater than unity. This is
because our definition of individual component may have
included some additional absorption from gas unrelated to
the transient component. All the 6 sources showing distinct
C iv BAL transient signatures during our visual inspection
are clearly selected when we impose this threshold. We com-
pare properties of this transient C iv BAL sub-sample with
the rest of the sample to understand the BAL transient phe-
nomena. In particular, we wish to address whether there is
any common observational correlations between cases with
simple optical depth variability and the occurrence of new
transient components.
5.1 Correlation with continuum parameters
Previous BAL variability studies have suggested that opti-
cal depth variations are not strongly correlated with con-
tinuum flux variations (Lundgren et al. 2007; Gibson et al.
2010; Vivek et al. 2014; Welling et al. 2014). In the case of
Mg ii emerging BALQSO SDSS J1333+0012, there is a sug-
gestion that the emergence may be accompanied with con-
tinuum variations that can be interpreted as disturbances
in the accretion disk causing the new emerging component
c© 2002 RAS, MNRAS 000, 1–??
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Figure 3. The black (solid), blue (dashed) and red (dotted)
curves represent the structure function (in mag) of the CRTS
magnitude variations of all the sources given in Table 1, C iv
BALs with transient components in our sample and the radio
quiet control sample respectively.
(Vivek et al. 2012a). In order to explore the role played by
the continuum variations in the case of C iv BALs with tran-
sient components, it is important to compare the nature of
continuum variability of these BALQSOs with the rest of
the BALQSO population.
In this section, we address this using the structure func-
tion analysis of CRTS light curves. The structure function
(SF) has been used extensively in the literature as a variabil-
ity diagnostic for either individual or an ensemble of QSOs
(Vanden Berk et al. 2004; Welsh et al. 2011; MacLeod et al.
2012). Several varying definitions of structure function have
been used in literature which essentially quantify the am-
plitude of variability as the function of observed time-lags
(See, Graham et al. 2014, for various definitions of SF).
For our present study, we have used the formulation of
structure function and the associated error (SFerr) given by
MacLeod et al. (2012):
SF = 0.74 ∗ (IQR); SFerr = SF ∗ 1.15/
√
(N − 1) (1)
where IQR is the 25%–75% interquartile range of the ∆m
distribution and N is the number of ∆m values. We chose
to bin the magnitude differences within intervals of 20 rest-
frame time lag days before calculating the structure func-
tion. Welling et al. (2014) compared the structure functions
of a sample of radio loud and radio quiet BALQSOs and
reported similarity in the optical continuum variability be-
tween the two samples. Joshi & Chand (2013) also report a
similarity in the microvariability (i.e., variability with in a
day) properties of radio loud and radio quiet BALQSOs.
Fig. 3 shows the plot of absolute V-band magnitude
variations at different time lags. The black solid, blue dashed
and red dotted curve represents the structure function of the
CRTS magnitude variability computed using Eq. 1 for all the
QSOs in the sample, the transient BALQSOs in the sample
and the radio quiet control sample respectively. It is clear
that the variability properties of the QSOs with transient
BALs and the rest are identical. The structure function
of BAL QSOs with transient BAL component seems to be
lower at time scales greater than 800 days. This would mean
that BAL QSOs showing transient BAL component are less
variable at longer time scales and is contrary to what is ex-
pected in the case of ionization driven outflows. This implies
that the transient BAL phenomenon is most unlikely due to
the ionization changes.
It is interesting to note that the SFs derived here are
very much consistent with those of Welling et al. (2014) (see
their Fig. 14). They found that the optical continuum vari-
ability of radio loud and radio quiet BALQSOs are similar in
their sample. Therefore, we can conclude that overall optical
variability of our radio detected BALQSO is also similar to
that of radio quiet BALQSOs.
5.2 BAL transience and absorption line
parameters
Previous BAL variability studies have found positive cor-
relations of BAL variability with observed time-lag and
ejection velocity, and a negative correlation with aver-
age equivalent width (Lundgren et al. 2007; Gibson et al.
2008, 2010; Capellupo et al. 2011; Filiz Ak et al. 2013;
Vivek et al. 2014). In this section, we study the relation-
ship between these quantities and transient C iv BAL phe-
nomenon.
Fig. 4 shows the absolute fractional variation of C iv
equivalent widths in individual absorption components with
zem, maximum velocity of the component, average C iv
equivalent widths, mean depths of BAL components, rest-
frame time lags and integrated radio luminosity. In each
panel, the blue upper dashed and dotted horizontal lines
represent a fractional variation of 2 and 1 respectively. The
median value of the quantity in the abscissa is marked by
the dashed magenta vertical line in each panel. Clearly there
are six cases where the equivalent width fractional varia-
tion are between 2 and 1. In two cases, SDSS J0046+0104
and SDSS J0811+5007, the equivalent width fractional vari-
ation is close to 1. In the case of SDSS J0046+0104, the
transient BAL component is weak and in the case of SDSS
J0811+5007, the fractional variation values are suppressed
by the inclusion of a small component in the high velocity
end by our automatic algorithm. Panel (a) of Fig. 4 shows
that there is no dependence of the occurrence of transient
BAL on redshift. This is also confirmed by the two-sided
Kolomogrov-Smirnov (KS) test results summarized in Ta-
ble. 2.
From panel (b) in Fig. 4, it is clear that the fractional
equivalent width change shows a large scatter at high max-
imum velocities. In particular absorption components that
show change in fractional equivalent width in excess of 0.8
have ejection velocity in excess of 8000 kms−1. All the 6 com-
ponents identified as transient BALs have ejection velocities
in excess of 11,000 kms−1. This confirms that transient BAL
phenomenon is more common among components with large
ejection velocities. This is also confirmed by the KS-test re-
sults summarized in Table 2.
In panel (c) in Fig. 4 we plot fractional C iv equivalent
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Figure 4. Absolute fractional variation of C iv equivalent widths of individual components are plotted against emission redshift,
maximum velocity of the component, average equivalent width, mean depth, timelags and integrated radio luminosity. The upper blue
horizontal dashed line represents a fractional variation of 2 which corresponds to a transient BAL component. The blue dotted horizontal
line represents a fractional variation of 1. The median value of the distributions are marked by the vertical long dashed magenta line in
each plot.
width as a function of mean C iv equivalent width. It is
clear from the figure that the transient components tend
to have the average C iv equivalent width less than 8 A˚
and mean depth of the C iv absorption trough less than
0.55 (see panel (d) of Fig. 4). This is consistent with the
transient phenomenon occurring mainly in components that
are typically shallow and have low equivalent widths. The
low C iv equivalent width could either mean low covering
factor or unsaturated absorption line.
It is clear from panel (e) in Fig. 4 that the envelope of
fractional C iv equivalent width variations widens at long
observed time-lags. In particular all the transient BAL com-
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Table 2. Results of two-sided KS test for the parent radio detected BALQSO sample (60 objects) and the subsample of 6 transient
BALQSOs
Parameter D D†
critical
p-value
Ejection velocity 0.40 0.34 0.01
Radio Luminosity 0.59 0.59 0.03
FIRST radio flux 0.63 0.59 0.01
Redshift 0.33 0.59 0.53
Timelags 0.18 0.22 0.17
Bolometric Luminosity 0.35 0.59 0.45
Eddington Ratio 0.18 0.59 0.99
MBH 0.15 0.59 0.99
(SDSS r - WISE W4) color 0.53 0.59 0.07
† Dcritical values evaluated for a statistical significance, α = 0.05
Table 3. Properties of transient BALs in the radio detected and radio quiet sample
No. Name Right Ascension Declination zem i Vaeje ∆MJD
b
(mag) (kms−1) (days)
Radio detected sample
1 J0046+0104 00 46 13.54 +01 04 25.7 2.1551 -28.39 -18819.9 870.4
2 J0811+5007 08 11 02.90 +50 07 24.5 1.8394 -26.71 -14286.8 1279.1
3 J0959+6334 09 59 29.85 +63 34 00.2 1.8478 -29.11 -12410.4 1459.8
4 J1044+1040 10 44 52.41 +10 40 05.9 1.8823 -28.17 -27299.4 1192.4
5 J1105+1512 11 05 31.41 +15 12 15.9 2.0664 -27.35 -25897.6 975.2
6 J1655+3945 16 55 43.23 +39 45 19.9 1.7530 -27.45 -21089.9 861.9
Radio quiet control sample
7 J0119+0043 01 19 48.52 +00 43 55.9 1.7668 -27.36 -2098.9 1341.7
8 J0825+2607 08 25 40.90 +26 07 37.4 1.7503 -27.13 -16119.9 1070.3
9 J0946+3800 09 46 02.23 +38 00 59.3 2.0678 -27.45 -25149.9 843.2
10 J1007+0304 10 07 16.69 +03 04 38.7 2.1241 -27.87 -18794.6 848.4
11 J1415+3956 14 15 33.99 +39 56 27.3 1.8270 -26.59 -18698.5 1042.2
12 J1448+1228 14 48 26.10 +12 28 14.7 2.0694 -27.19 -18987.0 814.2
13 J1636+2051 16 36 28.41 +20 51 21.6 1.7411 -27.19 -13735.3 813.1
a Veje is the ejection velocity of the transient component.
b shortest rest-frame timescale over which the BAL transience observed.
ponents are seen at rest-frame timescales of more than 800
days.
In summary, we find that the transient C iv BAL phe-
nomenon is more frequent in components with large ejec-
tion velocities having smaller C iv equivalent widths and
monitored over a timescale of more than 800 days in the
rest frame of the QSOs. This is similar to what was found
by Filiz Ak et al. (2012) for disappearing C iv absorbers
predominantly towards radio quiet QSOs. Interestingly the
above found trend for the transient C iv BAL components
are also seen for the general optical depth variability. There-
fore, purely based on the discussions presented here the tran-
sient C iv BAL components may appear to be the extreme
case of C iv variability (see Filiz Ak et al. 2013). In the fol-
lowing section, we investigate whether the frequency of oc-
currence of the transient C iv BAL components is signifi-
cantly higher in the radio detected QSOs.
5.3 BAL transience and radio emission
We first noticed that the transient C iv BALs occur in
sources with high integrated radio fluxes. While the two
BALQSOs 4 with high radio flux density does not show a
transient C iv absorption component, we find a tentative ev-
idence for high fraction of transient C iv BAL components
in BALQSO with flux density in excess of 10 mJy. To better
characterize the intrinsic radio emission, we converted the
integrated radio fluxes to luminosities. In panel (f) of Fig. 4
we plot the fractional equivalent width variations as a func-
tion of radio luminosity. It is apparent from this figure that
the transient C iv BAL components predominantly occur in
4 SDSS J0929+3757 and SDSS J1603+3002 have radio fluxes
43 mJy and 53 mJy respectively. In both these cases, C iv BALs
are defined by one strong component (probably saturated) at low
ejection velocities.
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Figure 5. Radio luminosity distribution of C iv BALQSOs. The
panels (a), (b) and (c) show the distribution for all the BALQSOs,
transient BALQSOs and the fraction of transient BALQSOs, re-
spectively. Black vertical dashed line corresponds to the median
radio flux density of the sample.
Figure 6. Radio loudness parameter distribution of C iv BALQ-
SOs. The panels (a), (b) and (c) show the distribution for all
the BALQSOs, transient BALQSOs and the fraction of transient
BALQSOs, respectively. Black vertical dashed line corresponds to
the median radio loudness parameter of the sample.
Figure 7. Histogram distribution of maximum ejection velocities
of all the C iv BAL components. The blue (with slanted lines)
and red (with vertical lines) histograms corresponds to the radio
detected and radio quiet control sample respectively. Top panel :
number of C iv BAL absorption components at each ejection ve-
locity. Middle panel : number of transient C iv BAL components.
Lower panel : the fraction of transient C iv BAL components .
radio bright sources. The KS-test results presented in Ta-
ble 2 confirms that the radio flux/luminosity distributions
in BALQSOs with transient C iv absorption are different
from the rest of the QSOs.
This trend is also apparent in Fig. 5. In this figure,
the top panel (a) shows the radio luminosity distribution of
BALQSOs. The red (shaded) histogram in panel (b) shows
the distribution of QSOs with a transient C iv BAL. Sim-
ilarly, panel (c) shows the fraction of QSOs with transient
C iv BALs in red. If we divide the sample into two at the
median radio luminosity value (i.e, Log(Lradio) = 32.9 ergs
s−1 Hz−1), 25±10 % of sources with radio luminosity greater
than the median show transient C iv BALs whereas none of
the sources with radio luminosity less than the median show
transient C iv BAL. Thus we have a tentative evidence (at
2.5 σ level) for the transient C iv BALs to be more prob-
able in radio bright QSOs. Two sample KS tests between
the transient and the parent sample shows that these two
samples are different by 99%, 99% and 97% in their ejection
velocity, radio flux density and radio luminosity distribu-
tions (see Table 2). Fig. 6 shows the distribution of radio
loudness for BALQSOs. Clearly, all the C iv BALs with a
transient component have radio loudness parameter greater
than the median of the radio loudness parameter distribu-
tion, further confirming the result.
To explore this further, we consider the radio loud BAL
sample of Welling et al. (2014). They estimated the 5GHz
radio luminosity for their sample using FIRST peak fluxes
for the core, and integrated fluxes for the lobes, assuming
radio spectral indices of α=−0.3 and −0.9, respectively. To
make a straight-forward comparison with our sample, we
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consider the compact (unresolved in FIRST) BALQSOs in
their sample having the 5GHz radio luminosity (in log) >
32.7. For α=−0.3 this corresponds to a log(Lradio) = 32.9
at 1.4GHz i.e. the median value for our sample. Thus, con-
sidering only compact BALQSOs in the two samples with
log(Lradio) > 32.9 at 1.4GHz, we find that the fraction of
transient BALs in our and their samples are 27% and 10%
respectively. While the difference could simply be due to the
small number statistics, we notice that not all QSOs in the
sample of Welling et al. (2014) are monitored for > 800 days
i.e. the timescale over which most of the transient C iv ab-
sorption occur in our sample. For example, only 5 out of 21
compact BALQSOs with log(Lradio) = 32.9 at 1.4GHz in
the their sample are monitored over a rest frame time-scale
of greater than 800 days. The two sources showing possible
transience are among them i.e. a detection rate of 40±28
%. In our radio detected sample, there are 20 sources with
log(Lradio) > 32.9 at 1.4GHz and rest-frame timescales >
800 days. Six out of this 20 sources show transient nature
(i.e., detection rate of 30±12 %). Thus, with in statistical
uncertainties, there is no major discrepancy in the transient
BAL detection rate between our sample and the sample of
Welling et al. (2014) as long as we confine to similar moni-
toring periods. This exercise also establishes the importance
of long time-scale monitoring in addition to having large
enough sample to have statistically significant results.
To further investigate the finding of ‘higher’ fraction of
transient C iv BALs at high radio flux densities/luminosities
in our sample, we proceed to study the fraction of transient
C iv BAL sources in radio quiet BALQSOs. A clear devi-
ation from the radio detected sample will firmly establish
the role played by the radio jets in driving the transient
BALs. For this, we constructed a control sample of radio
quiet BALQSOs that have multiple epoch spectra in SDSS
DR10. For each QSO with transient C iv absorption in the
radio detected sample, we constructed a control sample of
10 radio quiet BALQSOs matching closely in absolute i-
band magnitude and redshift. We first generated a sample
of 20-25 radio quiet BALQSOs which are closest in redshift
and absolute i-band magnitude for each source in the ra-
dio detected transient C iv sample. From this sample, we
then selected 10 sources for each transient C iv BALQSO
which has multiple epoch spectra in SDSS DR10. The typ-
ical dispersion in the ∆z and ∆i magnitude values of the
control sample is 0.02 and 0.2 respectively except for the
case of J0959+6334 where it is 0.08 and 0.3. Each of these
60 sources in the control sample were first visually inspected
for the presence of transient C iv BAL components. We then,
followed the procedure described in Section 3 to identify the
transient C iv BAL components5. Among the 60 sources in
the control sample, 7 sources (i.e. 12±4 %) show clear tran-
sient C iv features. This is close to 12±5 % we find for our
full radio detected sample with out applying any monitor-
ing timescale cuts. Next, we consider only sources that are
5 Fig.A2 shows the absolute fractional variation of C iv equiva-
lent widths in the individual absorption components of the control
sample sources with zem, maximum velocity of the component,
average equivalent widths and rest-frame time lags. We also find
that our control sample BALQSOs exhibit all the known corre-
lations between BAL variability and various absorption line pa-
rameters discussed in Section 5.2.
monitored over a period more than 800 days in the QSO’s
rest frame in both our’s and the control sample. We find the
transient detection rate of 23±9 % and 18±7 % for our and
control sample respectively. This is also consistent within
errors. The two rates are consistent with one another and
roughly 30% smaller than the detection rate we found for
QSOs with log(Lradio) > 32.9. However, the errors are too
large to clearly favor radio brightness being an important
driver of transient BAL flows.
As ejection velocity is also an important quantity in the
problem, we need to make sure the distribution of ejection
velocity in the control sample is not very different from our
radio detected sample. Table 3 gives a list of all the tran-
sient C iv BALQSOs identified in this study including those
in the control sample. The ejection velocity distributions of
the radio detected and control sample BALQSOs are found
to be similar. KS test between the two samples gives a D
value of 0.13 and probability of 0.28. KS test between the
transient C iv in the radio detected sample and the control
sample gives the D and probability values of 0.3 and 0.06
respectively. The similarity of ejection velocity distributions
in the above three samples ensures that the transient C iv
BAL phenomena in the control sample sources are not en-
hanced by the bias in the distribution of ejection velocity.
The lack of very strong correlation between the transient
C iv BAL and the radio properties seem to suggest that
there is no observable dependence between radio jets and
transient C iv absorbing flows in QSOs.
Fig. 7 gives a more clear picture of the trend with the
ejection velocity. In the figure, the top panel represents the
histogram distribution of all the BAL components in the
radio detected sample (blue/with slanted lines) and radio
quiet control sample (red/with vertical lines). The middle
panel presents the distribution of the transient C iv compo-
nents and the lower panel represents the fraction of transient
C iv BALs. It is clear that the fraction is high at higher ve-
locities for both the radio detected and radio quiet control
sample. We also note that the ratio of ejection velocity of
the transient component to the maximum ejection velocity
of the BALs peaks at unity. The transient C iv components
are more likely to be with higher ejection velocities. We also
checked if any preferential time sampling of sources is the
reason for the BAL transience in some of the sources in
the sample. Two-sided KS test for the transient and par-
ent sample rest-frame time lag distributions result in D and
probability values of 0.18 and 0.17 respectively. This implies
that the time-sampling of the sources with transient BALs
is nothing special compared to the other BALQSOs in the
sample.
5.4 BAL transience and various derived QSO
parameters
To investigate further whether basic properties of QSOs
showing transient C iv BAL (both in our parent and con-
trol sample) is different from the rest of the BALQSOs, we
matched the sources in this study with those in the SDSS
DR7 QSO properties catalogue of Shen et al. (2011) to ex-
plore the correlation of transient C ivBALs with different in-
ferred QSO properties. This catalogue covers all the sources
in this study except for one non-transient source each in
the radio detected and the control sample. Fig. 8 shows the
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Figure 8. Histogram distribution of the quasar properties, Eddington ratio, mass of the blackhole, bolometric luminosity and absolute
i-band magnitude for various samples in the study. Red histogram with vertical lines : radio detected sample, green histogram with 45◦
slanted lines : radio quiet control sample, blue histogram with horizontal lines : radio detected transient sample, magenta histogram with
-45◦ slanted lines : radio quiet transient sample.
histogram distributions of the QSO properties: Eddington
ratio, blackhole mass, bolometric luminosity and absolute
i-band magnitude for the four samples in this study. The
red (with vertical lines), green (with 45◦ slanted lines), blue
(with horizontal lines) and magenta (with -45◦ slanted lines)
histograms represent the radio detected, radio detected tran-
sient, radio quiet, radio quiet transient sample. There is
no evidence for any correlation between the transient C iv
BALs with any of the above mentioned QSO properties.
Results of KS tests also reveal that different samples in this
study belong to the same ‘general’ QSO population (see Ta-
ble 2).
5.5 Correlation with IR properties
Wemeasure the far-infrared fluxes of our sources fromWISE
(Wide-field Infrared Survey Explorer) catalogue. WISE op-
erates in four wavelength bands W1, W2, W3 and W4 which
are centered at 3.4, 4.6, 12 and 22 microns respectively. We
use fluxes in these bands to probe the role of dust in the
transient outflows. Recently, Zhang et al. (2014) explored
the role of dust in driving the outflows in a sample of 2099
BALQSOs. They find that the outflow strength and velocity
is strongly correlated with the near infrared continuum slope
which is a good indicator of dust emission. They proposed
a dusty outflow scenario to explain the observed correla-
tions between the near-infrared continuum slope and BAL
strength. In this scenario, dusty clouds emerging from the
outer regions of the accretion disk or innermost regions of
the torus, are uplifted above the disk and exposed to the
central engine. While the low density part of this cloud is
highly ionized and is responsible for blue-shifted absorption
lines, the high density part holds the dust and radiates in
the NIR.
Several earlier studies in the literature have made use of
a selection criteria in the SDSS-WISE colors to pick dust ob-
scured quasars. Hot dust emission dominates the rest-frame
SED of a QSO > 3 µm. Our sample has a minimum and
maximum emission redshift of 1.67 and 3.63 with a median
at 1.91. WISE W4 magnitude clearly traces the dust emis-
sion for the redshift range of our sample. In this study, we
use the SDSS r - WISEW 4 color as a proxy for the strength
of dust emission. Photometric spectral index values given in
the SDSS catalogue can also be used as a measure of the red-
dening parameter. Fig. 9 gives the histogram distributions of
the four samples in this study, namely radio detected sam-
ple (red with -45◦ slanted lines), radio quiet control sample
(green with horizontal lines), radio quiet transient C iv sam-
ple (magenta with 45◦ slanted lines) and the radio detected
transient C iv sample (blue filled). From Fig. 9, there is no
clear evidence for the role of dust in driving the transient
C iv BALs. Two sided KS test (see Table 2) for the radio
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Figure 9. Distribution of two parameters characterising redden-
ing of the BALQSOs. upper panel: Reddening characterised by
SDSS r - WISE W4 color. lower panel: Reddening characterised
by the SDSS photometric spectral index. The four samples in this
study are radio detected sample (red with -45◦ slanted lines), ra-
dio quiet control sample (green with horizontal lines), radio quiet
transient C iv sample (magenta with 45◦ slanted lines) and the
radio detected transient C iv sample (blue filled).
detected and transient C iv BAL sample also does not point
to any clear connection between the presence of dust and
transient BAL phenomenon. Here again, we caution that
our sample of radio detected BAL quasars is much smaller
compared to the Zhang et al. (2014) sample.
6 DISCUSSION & SUMMARY
Recent studies have revealed that the radio properties of
BAL and non-BALQSOs are more alike than different.
Rawlings & Jarvis (2004) have found that whenever pow-
erful jets are triggered, there is a dramatic increase in the
efficiency of the feedback. It is quite possible that the on-
set of radio jets can have a feedback on to the accretion
processes, which may trigger or quench the outflows. The
transient C iv BAL systems in quasars can be used to de-
termine the exact physical conditions prevailing at the time
of outflow being ejected or quenched.
We have presented a detailed analysis of BAL variabil-
ity for a sample of radio detected BALQSOs in the SDSS
DR10 spectroscopic survey, with an emphasis on the tran-
sient C iv BALs. In the overall sample of radio detected
sources, the fraction of transient C iv BAL sources (12%) is
higher than what is found (3.3%) by Filiz Ak et al. (2012)
for disappearing C iv BALs. This may be due to the the
higher rest-frame observation timescales for our sample (6.5
yr) as compared to Filiz Ak et al. (2012) sample (3.9 yr).
This fraction is large (25%) among the higher radio flux
density sources in our sample. However, we notice that the
occurrence of transient BALs in Welling et al. (2014) is not
as high as this value. We show that the difference is mainly
due to differences in the monitoring period of the two sam-
ple. When sub-samples are constructed with monitoring pe-
riod larger than 800 days in the QSO rest-frame, we do find
higher detection rates even in the sample of Welling et al.
(2014). Using a control sample of radio quiet BALQSOs
matched to the QSOs showing transient C iv BALs in radio
detected QSOs, we find 12% cases showing transient C iv
BAL troughs. This is consistent with the overall rate found
for radio detected sources. Our control sample also hints
on the occurrence of transient BALs being slightly higher
in the case of radio bright QSOs. However, this difference
is not overwhelmingly high and cannot be demonstrated at
high statistical significance with the present data.
Radio detected BALQSO sample in this study also fol-
lows various BAL variability trends already known for C iv
and Mg ii BALs. Notable is the trend with the outflow ve-
locity. The transient C iv BALs most often occur at higher
outflow velocities, typically greater than 10000 kms−1. We
also find that the transient BAL components are more fre-
quently detected for rest-frame timescales of 800 days. This
could either mean a characteristic timescale over which the
ionization changes or the cloud crossing time across our line
of sight. There is no correlation found between the tran-
sient BALs and optical continuum parameters. So, ioniza-
tion changes in the outflowing gas due to the changing con-
tinuum is most unlikely driver for the transient phenomena.
However, it is possible that the optical continuum variation
inferred with CRTS lightcurves obtained without a specific
filter may not be an ideal tracer of the ionizing continuum.
We also do not find any correlations between the occurrence
of transient C iv BALs and various other QSO properties
like Eddington ratio, black hole mass and luminosity.
We use the characteristic ejection velocities (i.e > 10000
kms−1) and timescale (∼ 800 days) of the transient flow with
a simple model proposed by Hall et al. (2011) to place aver-
age constraints on the location and transverse speed of C iv
emerging BAL components. Following Hall et al. (2011) , we
estimate the diameter of the disc within which 90 per cent
of the 2700 A˚ continuum is emitted to be D2700 ∼ 2 × 10
16
cm for the typical black hole of mass 109M⊙ for our sample.
This, together with the characteristic BAL transience time
scale of 800 rest frame days results in a transverse velocity of
3100 kms−1. We assume a typical line of sight (LOS) veloc-
ity of 1×104 kms−1for our calculations. Section 4.3 and 4.4
of Hall et al. (2011) give a model for constraining the BAL
structure location. The exact estimate of the location of the
flow requires the knowledge of the angle of LOS λ and the
angle of the velocity vector θ above the accretion disc. As
we are interested in the average properties, we computed the
location of the BAL outflow for each combination of λ and θ
and then averaged it. Following the procedure of Hall et al.
(2011), we obtain an estimate of BAL launching radius to
be 0.5±0.001 pc and the distance dBAL from the black hole
to be 2.2±0.1 pc. This is just outside the broad line region
(∼ 1 pc) for a typical quasar of log(Lbol) = 46.8 ergs s
−1.
Thus, the flow has not yet reached ISM to provide a strong
feedback on the star formation.
In the absence of clear evidences for any correlations
between the occurrence of transient C iv BALs and various
parameters explored here, it is probable that transient BAL
phenomenon is just an extension of normal BAL variability.
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Similar optical continuum variability and BAL transience
properties of radio detected and radio quiet BAL QSO sam-
ples might suggest that radio detected BAL QSOs are not
necessarily always viewed down the jet axis. Our results do
not support the case of jet-cloud interactions triggering bulk
motions in the BAL outflow that can be seen in the form of
transient BAL components. We also realize that the number
transient BALs in our sample is too small to extract any pos-
sible weak dependences. A similar study with a larger sam-
ple size is needed to completely understand the transient
BAL phenomenon. This study increases the sample size of
transient BALQSOs by 18. Future spectroscopic monitoring
of these sources will allow us to look for further dynamical
evolution in these BALs. Multi wavelength observations of
these sources will help to understand the role of changing
’sheilding gas’ in driving transient BAL phenomenon. Ongo-
ing and future spectroscopic surveys like eBOSS (extended
Baryon Oscillation Spectroscopic Survey), LAMOST (Large
Sky Area Multi-Object Fibre Spectroscopic Telescope) look
promising for identifying new transient BAL sources and
understanding the physical mechanism driving the transient
phenomenon.
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APPENDIX A: CONTROL SAMPLE :
EMERGING SAMPLE
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Transient C iv Broad Absorption Lines 15
Figure A1. Spectra of control sample sources showing BAL appearance/disappearance. Red dashed spectra correspond to later epoch
measurements. Shaded region represents the transient components. Relative velocity is measured from the C iv emission line. Redshift,
epoch of observations for each source are also marked.
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Figure A2. Absolute fractional variation of C iv equivalent widths of the control sample sources are plotted against emission redshift,
maximum velocity of the component, fractional equivalent width variation, and rest-frame timelags. The upper blue horizontal dashed
line represents a fractional variation of 2 which corresponds to emergence of BAL. The blue dotted horizontal line represents a fractional
variation of 1. The median value of the distributions are marked by the vertical long dashed magenta line in each plot.
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